between surrogate and subject reports of current food frequencies and other eating habits, smoking behavior and weight was assessed in 1982-1983 for 180 husbands and wives, aged 45 through 64 years. Agreement was measured by per cent exact agreement and weighted kappa for frequencies of 30 itemized foods or food groups, and for surrogate-and subject-based quintiles of frequencies of eight broad food groups and of vitamin A and C consumption indexes. Surrogate and subject mean frequencies were generally similar, but at the individual level of analysis, agreement varied widely. Agreement was greatest, among the food items and groups, for alcoholic beverages, and among the other items, for smoking status. Extreme misclassification by quintile was very small, but only 40% of persons self-classified in either extreme quintile were similarly classified by their spouses. This level of misclassification may result in the dilution of real relationships between diet and health.
INTRODUCTION
Retrospective epidemiologic investigations often must rely on data about behavior, such as smoking and eating habits, that are provided by surrogate reporters, usually spouses or other close relatives; the subjects may be dead or too ill to answer questions. In analyses, some investigators combine information provided by surrogates with that provided by the subjects themselves [l] , thus implicitly assuming that information from the two sources are comparable. It would seem important to test the validity of this assumption by assessing the degree of comparability for various kinds of information provided by surrogates.
Problems associated with the use of surrogate responses include possible misclassification of subjects and bias related to mortality or presence of disease [2] . Research on the agreement between surrogate and index answers has been reported by Kolonel et al. [3] , Marshall et al. [4] and Lerchen and Samet [5] for wives as surrogate reporters for their husbands, and by Humble et al. [6] for both husbands and wives as surrogate reporters for their spouses.
The Tecumseh Diet Methodology Study provided an opportunity to study agreement between subject and surrogate reports among 180 husbands and wives who were subjects and surrogate reporters for their spouses. In the analyses presented here, the major focus is on degree of agreement in reporting frequencies of individual foods and food groups. Data are also presented on degree of agreement in reports of other variables of epidemiologic interest, i.e. perception of change in eating patterns, current weight, cigarette smoking behavior, current employment status and occupation.
MATERIALS AND METHODS

Variables
Study population
The respondents were long-time participants in the Tecumseh Community Health Study, an on-going, longitudinal, epidemiological study of chronic disease in a total community [7] . The men and women who provided the data for this report were part of the cohort of 1387 individuals in the 1967-1969 round of interviews and medical examinations who were included in the 1982-1983 Diet Methodology Study. To be eligible for the Diet Methodology Study, respondents had to be 45-65 years of age in [1982] [1983] and to have participated in the dietary component of the 1967-1969 study. The overall purpose and design of the Diet Methodology Study and the attrition and participation rates of the eligible cohort have been reported earlier [8] .
Surrogate respondents were asked about their spouses' current diet using the same procedures that they and their spouses used for reporting about themselves [8] . In the surrogate study, a subset of 30 of the 83 food cards used in the larger study to depict total diet were used to describe each spouse's diet. The foods were sorted into the same eight frequency categories: never or almost never, once or a few times a year, about one to three times a month, about once a week, about twice a week, about three to five times a week, about once a day, and about twice a day or more often. Additionally, questions about the daily use of coffee and tea were also asked. Portion size was not assessed.
The surrogates in this study were those participants in a randomly selected subgroup in the Diet Methodology Study who had a spouse a!so in the current study. Ninety-four of the 180 respondents belonged to couples in which both members were subjects and surrogates for their spouses. Eighty-six respondents were included in this study only as surrogates for their spouses who, in turn, participated only as subjects.
Twenty-four of the 30 foods (Table 1) in the sort procedure were combined into eight food groups. For each respondent, frequency of consumption per week of the eight food groups was obtained by summing the midpoints of the frequency ranges he or she reported for each food in the group. For example, if a food group had three constituent foods (as did dairy products in Table 2 ), and each was reported as having been consumed three to five times a week, the frequency for that group was computed as 12 times per week, by summing the midpoint of four over the three constituent foods. The demographic characteristics of the surrogate respondents (86 men and 94 women) resembled those of the entire Diet Study population: 44% were in the younger decade, that is, 45-54 years of age; 28% had less than 12 years of formal education, 55% had completed high school, and 17% had one or more years of college; one-third of the sample were in each of the following categories, white collar occupations, blue collar occupations, and not currently employed.
Interview procedure
Surrogate respondents usually provided data for this report in two interviews. In the first interview, they provided the following information about themselves: demographic data, current food frequency use by a selfadministered food frequency card sort, smoking patterns, weight and perception of change in diet patterns. In the second interview, which usually followed the first by a week or two, they provided the same kind of information for their spouses.
Vitamin A and C indexes were calculated from foods contributing substantial amounts of these vitamins to the U.S. diet, 25 foods for vitamin A and 16 foods for vitamin C. A detailed explanation of the method of calculating the vitamin indexes for the group of foods in the larger study has been reported [8] . Briefly, the value of each vitamin index for the individual was calculated by first obtaining the product of the midpoint of the frequency range he or she reported for a food item times the usual vitamin value for that item, and then summing the products over all the food items in the index. For respondents in this study, the mean vitamin A index value from the 30-food-item set was 84% of the mean vitamin A value from the larger set of 83 foods;the mean vitamin C value from the 30-food-item set was 83% cent of that vitamin's mean value from the larger set of foods.
Subject respondents also provided data for themselves and surrogate respondents provided data for their spouses on: demographic variables; weight; smoking habits; whether they added salt at the table; ate the fat on meat; changed their eating patterns in the past 15 years; and how many meals they and their spouses usually ate together.
All respondents were asked for their own abbreviated health histories consisting of questions about current use of special diets and the onset and treatment of nine chronic conditions related to diet. In the analysis, the nine chronic conditions were combined into four categories: cardiovascular conditions, including heart attack, other heart trouble and hypertension; digestive trouble, including stomach or duodenal ulcer, gallbladder trouble and intestinal or bowel trouble; endocrine conditions, including diabetes and thyroid trouble; and tumor. intervals for the mean difference were computed at the 95% level. Subject and surrogate weekly frequencies for food groups were also categorized into quintiles and degree of agreement determined by weighted kappa, per cent exact agreement, per cent agreement within one category and per cent extreme disagreement.
RESULTS
Agreement on individual foods
Statistical methods
Agreement on individual foods and other individual items. Agreement between the subject's self report and the surrogate's report was measured for each of the 30 foods by the weighted kappa statistic [9] , per cent exact agreement, and per cent agreement within one category. Kappa incorporates an adjustment for the number of agreements expected by chance; weighted kappa takes into account the degree of disagreement in equal-interval ordered data. Fleiss and Cohen [9] have shown that with a large number of cases, weighted kappa is equivalent to the intraclass correlation coefficient. The rationale for use of the weighted kappa with the present data, the method of computation and the interpretation of the kappa statistic have been described elsewhere [8] . Agreement between the subject and surrogate reports for other variables was measured by per cent agreement.
Agreement varied widely on the individual foods and to some extent as to whether the surrogate was a wife or husband. Agreement on frequency was greatest for all surrogate-spouse pairs for the three types of alcoholic beverages, beer, wine and other alcohol (kappas ranging from 0.70 to 0.92 and per cent exact agreement from 56 to 74), and was smallest for a mixed vegetables group including, among others, carrots, peas and beets, and for butter added to foods at the table (kappas ranging from 0.19 to 0.29 and per cent exact agreement 21-35). Agreement was also small (kappas less than 0.30), when wives were surrogates, for margarine added to food at the table and beef, and when husbands were surrogates, salad dressings, cheese and pie (Table 1) .
Agreement on number of cups of coffee and tea per day was also high (data not shown).
Mean frequencies per week obtained from the subjects' and surrogates' reports were also compared. Because the distributions for the foods were skewed, log transformations were used in the calculations of the paired t-test. For presentation in this report, the values are shown in the original units.
Mean frequencies per week from surrogate reports were generally similar to those from subject reports and showed no consistent pattern of over-or under-reporting (Table 1) . There were only three differences in untransformed mean frequencies per week reported by surrogates and subjects that were as large as one time per week. When frequencies were log transformed for testing for statistical significance, the following three food items showed statistical significance (p < 0.05) for both sets of surrogates: cake, the vegetable group including beets, carrots and peas, and margarine added to food at the table. Agreement on food groups. The distributions Wife-surrogates showed somewhat better of weekly frequencies for six of the eight food agreement with their spouses than did husbandgroups were also skewed; dairy products and surrogates; the average kappa for the 30 food fats and oils added at the table were exceptions. frequencies was 0.53 for wife-surrogates and Log transformations of the skewed variables 0.42 for husband-surrogates. For 24 out of 30 were used in analysis but results from log transfoods, the wife-surrogates' kappas were larger formed values have been expressed in the orig-than those of husband-surrogates (p < 0.01, inal units. Subject and surrogate means were sign test), and nine of the differences between compared by the paired t-test and confidence these kappas were as large as 0.20. #Mean values presented are from the original data. However, frequencies were log-transformed and the paired f-test then computed to determine the significance of the diierence between means. 
Agreement on food groups
Only one diflerence in mean intake from 20 surrogate-sex-specific food group comparisons, as shown in Table 2 , was statistically significant (p c 0.05); wife-surrogates tended to overreport their husbands' vitamin A intake. Spearman's rank order correlations between index and surrogate reports for the food groups resulted in values (not shown) close to the kappa values for quintile agreement shown in Table 3 and described below.
Kappas for agreement of quintile ranks of surrogate and subject reparts (Table 3) ranged from low values for meat from wife-surrogates (0.13) and for fats and oils from both wife-and husband-surrogates (0.24, 0.19) to high values for alcohol from both wife-and husbandsurrogates (0.93, 0.80). Kappas from wifesurrogates were greater than kappas from husband-surrogates for eight of the ten food groups, and greater by 0.20 or more for four of the groups: dairy, citrus, sweets, and vitamin C.
Per cent exact agreement ranged from a low of 21 for vegetables to a high of 76 for alcoholic beverages, both reported by wife-surrogates. The alcohol group showed the highest agreement for both sexes; per cent agreement within one quintile category was almost perfect for this group. Meat, vegetables, fats and oils added to foods and vitamin A showed the smallest values for per cent exact agreement for wife-surrogates, less than 30, and fats and oils and vitamin C showed the same low level of exact agreement for husband-surrogates.
A measure of extreme misclassification by surrogate reports is indicated in Table 3 by the per cent of subjects placed by surrogate reports in the fifth quintile when placed by self reports in the first, or placed in the first by surrogate reports when placed in the fifth by self reports. In general, these misclassification values were quite small; the largest was one value of 9%. There was no extreme misclassification by wifesurrogates for five food groups nor by husbandsurrogates for three. The alcohol and dairy food groups showed no extreme misclassification by any surrogate.
Per cent agreement on variables other than specljk foods
Subject and surrogate reports agreed extremely well for variables describing the subject's current employment (Table 4) . Agreement was also very high for current smoking status, somewhat less for past smoking of cigars and pipes, and much less for number of cigarettes currently smoked. Agreement was moderate for the other variables.
Husbandand wife-surrogates generally showed about the same per cent of exact agreement with their spouses on these variables. Only one comparison was statistically significant Table 2 . tPer cent of total number of respondents classified in quintile one by subject and in quintile five by surrogate, and vice versa. *Numbers of cases on which per cents were calculated vary because of differing non-response rates, by subjects or surrogates, because agreement was calculated for subgroups as indicated, and because the diet pattern questions were only asked of a subset of subjects.
using the chi-squared test; more wife-than husband-surrogates agreed with their spouses on whether the frequency of the subject's eating occasions had changed since 1967 (p c 0.05).
DISCUSSION
The comparative homogeneity of the study sample and the close timing of the subject-surrogate interviews would seem to be especially favorable for subject-surrogate agreement. The group was composed of persons aged 45-64 at time of current interview, who were in marriages of long duration and of predominantly of north European descent. All respondents were experienced in answering health history and behavior questions, having been participants in the Tecumseh Community Health Study for 15 years or more. Subjects and surrogates were usually interviewed within 2 weeks of one another. By contrast, in most other studies respondents were selected on the basis of health status (or as controls) and their surrogates sometimes included individuals other than spouses [4] [5] [6] 10, 11] .
One of several methods that measure correspondence between index and spouse-surrogate reports compares the mean frequencies of subject and surrogate reports of consumption. Several studies [3] [4] [5] [6] , including ours, have found close agreement on mean frequencies for most individual foods and food groups. These findings suggest that if the analysis calls only for comparing mean frequencies for groups of subjects, as in a comparison of case and control group values, surrogate reports may be almost as useful as subject reports [4, 12] .
Methods that measure agreement on individual foods by subject-surrogate pair have shown less reassuring results. When comparisons were made by frequency categories, per cent exact agreement and kappa varied greatly among individual foods. In our study, which used eight frequency categories, per cent exact agreement values, ranging from 16 to 74, were generally lower than those reported by other studies which used only four or five categories [3-61. High per cent agreement due to chance is to be expected when fewer categories are used and for foods that are used very frequently or infrequently. Kappa values, which measure agreement beyond chance, are less sensitive to the number of categories. Direct comparisons between our weighted kappa and the unweighted kappas reported by other studies [4] [5] [6] are not appropriate because weighted kappas yield higher values when disagreements are largely between adjacent categories. Some understanding of the reasons for the wide variation in agreement among foods would help in the planning of epidemiologic investigations of diet and the design of interviews. Which foods, if any, are more reliably reported consistently across studies? Can this relationship be explained?
The highest agreement for intake items was found, in this study and others [3, 4] , for alcohol consumption. There is a strong social norm attached to alcohol consumption which may result in heightened awareness of this behavior. Subject and surrogate may both report values closer to behavior or to their shared perception of the social norm. The shared perception may or may not reflect actual behavior. The close agreement on other beverage consumption may result from a strong, almost ritual, pattern of daily consumption of these items, especially coffee and tea, and the fact that these beverages were perceived to have few alternatives.
Agreement between subjects and surrogates on frequency of consumption of other food groups show little consistency across studies. In our study, poor agreement for the items subsumed under fats and oils added at the table and vegetables may have been due to deficiencies attributable to the questionnaire.
Lack of emphasis on distinguishing between margarine and butter when the term butter is commonly used to refer to both fats may have led to the poor agreement for those foods. The groups of various vegetables that we used for four of the five vegetable items probably did not correspond to the way people either select and eat their vegetables or think about how they eat them. Consequently, these items may have presented respondents with very difficult tasks in the estimation of their average frequencies.
Poor agreement may have also resulted for foods that subjects ate at times or in situations that their spouses could not directly observe. These foods include those that may have been eaten for lunch, such as lunch meats and beef (in hamburgers, possibly) by husband-subjects, and foods that are added at the table by the subject, such as margarine, butter, and salad dressings. A statistical analysis tested whether agreement on four food items in this group of foods was better when subjects and surrogates shared three meals than when fewer meals were shared. Agreement for husband-surrogate reports showed significant improvement in kappas, when three meals were shared, for butter and margarine, and noticeable but not statistically significant improvement for cheese. Agreement for lunch meats was also tested, although this item was not originally in as poor agreement by husband-surrogates as were the other tested items; even so, husbands sharing three meals with their wives showed improved agreement, though not significantly so. Agreement in wife-surrogate reports showed no significant improvement for these foods when three meals were shared. These particular analyses would seem to indicate that husbandsurrogate agreement would be better among those husbands who are in situations where they can observe more of their wives' eating patterns.
At the individual level, in contrast, analysis of food groups showed a wide range in the degree of agreement. Agreement between subject-and surrogate-based quintiles for food groups as measured by kappa and per cent exact agreement did not show much improvement over agreement found for individual foods. Wifesurrogates tended to be better reporters for their spouses than did husband-surrogates; however all surrogate reporting about fats and oils, vegetables and vitamin A was poor. Wifesurrogates had very poor agreement with their husbands for meats. Per cent agreement and kappas for food group quintiles in this study were lower than mean per cent agreement and kappas for food group frequencies reported by Herrmann [ll] . In that study, husbandsurrogates seemed to agree better with their spouses than did wife-surrogates.
When misclassification of those in the first and fifth quintiles by self-report was considered, very small percentages of all subjects were extremely misclassified by their spouses for any one food group; the largest was 9%. Another way to look at proportions misclassified is to confine the denominator to those classified only in the first and fifth quintiles by self-report and compute the proportion similarly classified by surrogate-report.
Reports by wife-surrogates similarly classified from 80 to 95% of those husbands who were in the first and fifth quintiles by self-report for alcohol and citrus (data not shown). However, for the remaining eight food groups, including the two vitamins, wifesurrogates classified in the first and fifth quintiles an average of only 41% of husbands so classified by their own report. Husbandsurrogates similarly classified 86% of wives in the extreme categories for alcohol, but did not do as well as wife-surrogates for citrus. For the nine food groups excluding alcohol, husbandsurrogates classified in the two extreme categories an average of only 39% of their wives so classified by self-report. This level of misclassification would severely dilute any real association between diet and outcome.
Congruent with the findings from other studies [3, 5, 10, 11] , subject-surrogate agreement was high for smoking status and other easily observed behavior that can be dichotomously classified. However, subject-surrogate agreement was poorer for details such as numbers of cigarettes smoked, and salt and fat consumption at the table.
Underlying the comparisons in this and similar studies is the assumption that subjects are better reporters of their own habits. Without independent data showing that surrogates, particularly wives, provide more valid information on consumption, it seems reasonable to proceed on the basis that, in general, subjects know and are the best reporters of what they eat. In the absence of self-reporters, however, spouse-surrogates seem to be able to provide reasonably similar data on alcohol, coffee and tea consumption. Spouse-surrogates' ability to provide information on other foods or food groups similar to what would be provided by their spouses appears to depend somewhat on how often they can observe what their spouses eat.
Although surrogate reports of dietary patterns and other behavior are not the same as self-reports, they have considerable value as the only source of information in many studies. Investigators may assume that surrogates will rarely misclassify subjects into extremely opposite categories, however surrogate reports will result in the more central classification of a fairly high proportion of subjects with high or low dietary exposures by self-report. Moderate relationships, thus, may be missed entirely, and relationships that appear moderate may in fact be strong. Nevertheless in studies with sample size large enough to show statistically significant differences between subgroups from the surrogate reports, effects of dietary differences should be demonstrable.
